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Sub-structural Modal Flexibility Integration Theory and Experiment
of Bridge Deck

ZHOU Yun, JIANG Yun-zhong, XIE Li-min
(School of Civil Engineering, Hunan University, Changsha 410082, Hunan, China)

Abstract; In order to research sub-structural modal flexibility integration theory and
implementation, two dynamic calculation methods of modal flexibility and their consistency were
introduced. Mass normalized vibration modes of different sub-structures could be got by the two
methods, and the whole structural vibration mode could be obtained by combining two sub-
structural vibration modes. Further more, the whole structural modal flexibility could be got,
which was called sub-structural modal flexibility integration technique. The {feasibility of
recognizing bridge deck modal flexibility by using sub-structural modal flexibility integration test
was verified through a numerical test of simply supported reinforced concrete slab and a real test
of steel-concrete composite beam bridge. Based on the sub-structural modal test, sub-structural
integration modal parameters with single input multiple output (SIMO) could be compared with
whole structural modal parameters with multiple input multiple output (MIMO). The results
show that single input single output (SISO), SIMO and MIMO can be used on the exciting point
of real bridge to obtain the modal flexibility coefficient accurately. The modal flexibility matrix

got by the method of combining two sub-structural vibration modes has a small difference with
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that of static test. The presented method can be used as a beneficial supplement for traditional
truck loading test in an efficient and economic way.
Key words: bridge engineering; sub-structural model flexibility integration; multiple-reference

impact test method; modal flexibility; static test; digital signal
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Fig.1 Image of Reinforced Concrete Bridge Deck Tested
by Wheel Selfpropelled Drop Hammer
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Tab.1 Comparison of Modal Flexibility
Coefficients in 5 Cases
/
(107 mm + N~ 1)
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Tab.2 Analysis of First 8 Modes
1 2 SAP2000
/Hz /% /Hz /% /Hz
1 3.626 6| 4.2091 3.626 8 | 4.194 6 3.628 7

2 |14.558 8| 1.7400 | 14.558 8 | 1.732 6 14.559 7

3 120.8931| 1.0353 | 20.8909 | 1.2002 20.876 7

4 |32.847 4| 1.3334 |32.8477 | 1.3336 32.849 5

5 [43.579 4| 1.067 4 | 43.5774 | 1.089 2 43.558 3

6 [58.4953| 1.1980 58.502 1

7 169.719 4| 0.9681 | 69.6499 | 1.0855 69.635 2

8 [91.454 6| 1.1364 |91.4716 | 1.1407 91.486 4

14.94 m, 15.54 m,
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Instrument Layout and Modal Parameter Extraction
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Tab.3 Comparison of Modal Frequencies & MAC Values in Different Cases
MIMO 1(SIMO) 2(SIMO)
/Hz /Hz /% | MAC ' /% ’ / MAC
/Hz /Hz %
1 7.29 7.78 6.71 0.999 5 7.77 6.54 7.35 0. 82 0.999 6
2 7.79 7.97 2.35 0.991 1 7.96 2.20 7.57 —2.80 0.986 2
3 10. 13 8.7 —13.63 0.712 6 8.68 —14.29 8.94 —11.67 0.721 1
4 14. 66 14. 66 0.02 0.999 7 14. 66 0. 00 14.78 0.82 0.996 4
5 21.40 20. 82 —2.67 0.944 1 20.93 —2.18 22.22 3.85 0.851 6
6 22.79 22.80 0. 06 0.994 4 22.76 —0.13 22.71 —0. 36 0.986 9
7 26.69 27.13 1. 66 0.944 9 27.18 1.83 28.91 8.33 0.892 1
8 29.90 29.93 0.12 0.991 3 29.95 0.18 29. 64 —0. 85 0.989 4
9 34.01 34.10 0. 25 0. 966 6 33.99 —0.05 34.17 0.48 0.948 0
10 35.58 35.68 0. 27 0.993 6 35. 15 —1.23 35.25 —0.95 0.977 7
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